Since its launch in August 2003, NASA's Spitzer Space Telescope has been surveying stars in our galactic neighborhood for evidence of circumstellar dust. This dust, distributed in disks of material orbiting nearby stars, is both the raw material for planet formation and the by-product of asteroid collisions in an existing planetary system. Spitzer has uncovered numerous new examples of disks in various stages of evolution, measured the mineral properties of ther constituent dust, and found disk internal structures which may betray the presence of extrasolar planets. Quite unexpectly, Spitzer has also made the first direct detection of infrared radiation from a known extrasolar planet. In this contribution, I will review the progress in planet formation science which Spitzer has enabled, and look forward to future contributions we can expect over the 5-year mission lifetime.
I. Introduction
The Spitzer Space Telescope, NASA's "Great Observatory" for infrared astronomy, was launched from the Eastern Test Range into its Earth-trailing orbit on August 25, 2003. Science operations began in December 2003, after several months of cooling to reach an equilibrium temperature. Since that time, Spitzer and its three science instruments have conducted a continuous observing program touching on all aspects of astronomy and astrophysics. The prime mission will continue into late 2008, by which time the liquid helium needed to cool the telescope and instruments will have been exhausted.
II. Results
As the most sensitive infrared telescope yet flown, Spitzer offers unique capabilities for the study cold objects, objects deeply shrouded in interstellar dust clouds, and distant objects in the high-redshift universe. Spitzer's contibution to future planet-finding missions lies in its studies of planet formation in samples of young stars, and searches for dusty debris around stars in the solar neighborhood. Indirect and direct observations of individual extrasolar planets have also been carried out. A significant fraction of the mission time to date has been devoted to these topics. Highlights from the first 18 months of the mission are shown in the following six figures, and described in their captions. Spitzer/MIPS images of the bright nearby star Fomalhaut show a dusty belt of debris extending to a radial distance of 140 astronomical units. At the shorter 24 micron wavelength, the warm dust is concentrated near the star, a region previous observations had suggested to be empty. At the longer 70 micron wavelength, the emission is dominated by cool dust farther from the star. The 70 micron emission is brighter on one side of the star than the other, an asymmetry which suggests the presence of a planetary-mass object perturbing the structure of the dust belt. Figure 4 . Spitzer/MIPS images of the bright nearby star Vega show a smooth and symmetric debris disk extending to distances exceeding 500 astronomical units from the star. The large size of this disk was a complete surpise, as previous work had suggest an extent 3 times smaller. The Spitzer data also showed the disk material to be surprisingly warm at large distances from the star, requiring the presence of small dust particles just 2 microns in diameter. Interestingly, such grains are easily ejected from the system by stellar radiation pressure in only 1000 years, and so cannot date from the star's formation. It appears that a major asteroid collision has recently taken place in the Vega system, releasing a cloud of debris that is still in the process of blowing out of the system. Figure 5 . Spitzer/MIPS images at 70 microns wavelength of six nearby stars which possess extrasolar jupiter-sized planets, as measured by the velocity-wobble technique. The measurements show the stars to be much brighter than an isolated star should be; instead, each star must be surrounded by a disk-like dust cloud produced by asteroid collisions and cometary activity. These are the first solar systems other than our own which are known to have both jovian planet(s) and small bodies (asteroids/comets). Figure 6 . Timeseries measurements of two stars already known to possess jupiter-sized planets that alternately pass in front of / behind their parent stars. For both of these "transiting" planets, the total infrared brightness of the star+planet is observed to drop by 0.2% when the planet passes behind the star; this amount is exactly equal to the relative brightness of the planet to the star. This is the first direct measurement of the brightness of a confirmed extrasolar planet at any wavelength; measurements like these at multiple wavelengths are allowing estimates of each planet's temperature, reflectivity, and composition. 
III. Spitzer's Legacy for Future Planet Finding Missions
Spitzer's contribution to our understanding of other planetary systems is likely to be most valuable in two specific areas. First is in establishing the timescale for planet formation. Measurements of stars of varying ages have shown that, with occasional exceptions, the dusty disk initially present at a star's formation largely dissipates within the first 10 million years. Spitzer is showing more details of this process than ever before, and its results will reshape our theoretical understanding of the process of planet formation.
Second-generation dust disks, originating from the debris of asteroid collisions and cometary passages, have been found in 10-15% of mature stars like the Sun. It is the measurement of these "debris disks" that may be Spitzer's most important contribution to future planet-finding efforts. While the presence of a dust cloud indicates that a star possesses one or more asteroid belts, and thus is likely to host a planetary system, that same dust cloud can obscure any attendant planets from the view of future missions like NASA's Terrestrial Planet Finder (TPF). Spitzer is systematically surveying the nearby stars that TPF would observe a decade from now. So far, several of these have been found to possess strong dust emission 20-100× that seen in our own solar system. TPF is unlikely to be able to image planets in these systems, due to the higher background noise the dust disks will produce. While planets may not be directly detectable in such cases, they might still be inferred indirectly from their gravitational influence on the disk -just as the gravity of Saturn's moons sculpts the structure of Saturn's rings.
